Since the ISS is far above the parts of the atmosphere where EAS develop, 103 the MAPMTs have to be able to detect faint signals using photon-counting. 104 Therefore, 8 bit full scale per pixel is sufficiently large. Under these conditions 105 the total data rate from the telescope before the FLT would be of order 106 3.2 · 10 5 pixel/FS × 4 · 10 5 GTU/s × 8 bit/pixel ≈ 1 Tbps. To achieve the 107 required overall data reduction of ∼ 3·10 6 the FLT will have to reduce the 108 trigger rate to ∼ 1 Hz/EC, and the PDM based second level trigger to ∼ 0.1 109 Hz/FS [11, 12]. 110 10 In the following section, specifics of the FLT logic aimed at detecting 111 UHECR and neutrino induced EAS, which are the main scientific objective 112 of the JEM-EUSO mission, are considered. While TLEs and other bright but 113 slow atmospheric events are part of the exploratory objectives of the mission, 114 we will not consider them here.
Abstract JEM-EUSO is a space mission designed to investigate Ultra-High Energy Cosmic Rays and Neutrinos (E > 5 · 10 19 eV) from the International Space Station (ISS). Looking down from above its wide angle telescope is able to observe their air showers and collect such data from a very wide area. Highly specific trigger algorithms are needed to drastically reduce the data load in the presence of both atmospheric and human activity related background light, yet retain the rare cosmic ray events recorded in the telescope. We report the performance in offline testing of the first level trigger algorithm on data from JEM-EUSO prototypes and laboratory measurements observing different light sources: data taken during a high altitude balloon flight over Canada, laser pulses observed from the ground traversing the real atmosphere, and model landscapes reproducing realistic aspect ratios and light conditions as would be seen from the ISS itself. The first level trigger logic successfully kept the trigger rate within the permissible bounds when challenged with artificially produced as well as naturally encountered night sky background fluctuations and while retaining events with general air-shower characteristics.
Key words: JEM-EUSO, trigger system, FPGA, nightglow background 1. Introduction 1 Ultra-High Energy Cosmic Rays (UHECR) are observed as Extensive Air 2 Showers (EAS) in the atmosphere surrounding Earth. They are rare events, 3 and the higher their energy, the rarer they get. The greatest mystery sur-4 rounding them is their origin, but also their nature remains contentious. High 5 statistics and high quality data are needed to make progress on both fronts, 6 which means scanning the largest possible volume of atmosphere for EAS. 7 The current ground based experiments run up against natural boundaries 8 limiting their expansion and present difficulties when comparing data ob-9 tained in northern and southern latitudes, as the fraction of the sky common 10 to both experiments is limited. Therefore, space based instruments observing 11 the atmosphere from above with full-sky coverage have long been considered 12 the logical next step in the evolution of UHECR experiments [1] . 13 The International Space Station (ISS) with its existing infrastructure and 14 support systems is a natural first step on this way into space, and JEM-EUSO 15 [2] is a scientific mission under development with the aim of identifying the Trigger (SLT). The Focal Surface (FS) is organised in 137 PDMs. Together 26 these PDMs cover the FS of the telescope with ∼ 3.2 · 10 5 MAPMT pixels. 27 A detailed description of the electronics and data acquisition for JEM-EUSO 28 can be found in [4] , see also 1. bandwidth for data transmission from the ISS back to Earth is limited, 2.5 49 µs, the so-called Gate Time Unit (GTU), was adopted as the basic unit for 50 digitization at JEM-EUSO. Given the distance between EAS and ISS, JEM-51 EUSO must be able to detect single photons. The front-end electronics works 52 in single photon-counting mode, which means that HV and electronics gain 53 are adjusted such that after digitization one digital increment corresponds to 54 one photoelectron (PE) count released from the MAPMT's photocathode.
55
In this paper we discuss the FLT algorithm specific to the identification As mentioned before, working on the ISS imposes severe bandwidth con-94 straints on data transfer to the ground. On top of that there is a ∼1 kW 95 limit on power consumption for the whole telescope, including the readout 96 and trigger electronics, high voltage for the MAPMTs, and monitoring. This these thresholds n pix thr and n cell thr would normally be set to 3 and 31, respectively.
159
Persistency at the pixel level is evaluated based on two more parame- impacting the trigger efficiency on EAS.
182
As mentioned above power consumption is a major constraint on the ISS. 
215
Persistence is the main concept behind the FLT implementation. In the 216 following section we will discuss how this current implementation performs 217 in the presence of background, using data recorded with EC modules in dedi- tank. Fig. 10 shows top and bottom plots of Fig. 9 Fig. 11 shows PE counts for the relevant MAPMT over 
384
The right one is a similar event produced under high background.
385
Events selected by this procedure were then fed into the VHDL trigger 386 simulation. In total about 4·10 7 GTUs were recorded with the camera looking down on 417 natural backgrounds like forests, lakes, and clouds, as well as city lights. areas. This is essential to test the FLT logic under extreme conditions.
Tests with EUSO-Balloon data

433
The data was divided into two data blocks: One block with so-called The event shown in Fig. 13 and Fig. 14 and triggered The inclined laser track shown in the right panel of Fig. 15 is from a set 554 of laser events produced with the help of a mobile UV laser belonging to the 555 Colorado School of Mines. The missing piece in this laser track average was 556 due to a defective MAPMT in EUSO-TA.
557
Also using a 355 nm laser the pulses from this mobile laser can be adjusted 558 in intensity within a range of 1 to 86 mJ. As the laser itself is steerable, the 559 geometry of the laser track can be varied more freely, and for the average 560 over the ∼150 laser pulses shown here the laser was shot at a distance of 40 561 km with a pulse energy of 62 mJ.
562
Varying the laser pulse energies with this mobile laser at 34 km from 563 EUSO-TA produced the trigger efficiency curve for the FLT that is shown 564 in Fig. 16 . As at these distances the laser pulses typically cross a few 565 pixel/GTU, the FLT logic was adapted by setting N pst = 1, while n pix thr and 566 n cell thr were modified accordingly to keep the FLT trigger rates below the 1 567 Hz/EC requirement. To determine the trigger efficiency, an external trig-568 ger, synchronized with the laser shooting, was supplied by the TA-FD to the 569 EUSO-TA DAQ to always have the laser track inside a 128 GTU packet.
570
The efficiency can then be determined by running the adapted FLT algo-571 rithm over these data packets and counting the packets that raise an FLT.
572
Laser pulse energies between 3 and 5 mJ were used for the first four points 573 with signal excesses above background < 50 PE over all pixels in that GTU.
574
Above 50 PE overall signal excess, which corresponds to ∼25 PE in the rel- evant 3×3 pixel cell and 6 mJ pulse energy for this geometry, the trigger 576 efficiency becomes 90% and higher. In a corresponding analyis for the 21 km 577 CLF geometry the CLF's 3 mJ pulses were seen with 94% efficiency. 
